Abstract. In Brazil, hepatitis delta virus (HDV) is only reported in Western Amazonia, where severe cases of acute and chronic HDV hepatitis have been described. The study area was chosen in the States of Acre and Rondonia where most cases of hepatitis B virus (HBV)/HDV are reported. From December 2003 to October 2004, 40 HBsAg carriers with anti-HDV IgM were selected. An epidemiologic questionnaire, including demographic and clinical/epidemiologic variables was filled out. HDV amplification and genotyping were performed. Genotype I was detected in 22 patients (55.0%), whereas genotype III was identified in 18 (45.0%). Patients who were infected with genotype I were older (45.1 ± 17.8 years) than patients infected with genotype III (32.8 ± 10.9 years; P ‫ס‬ 0.01). No symptoms were reported by 21 (52.5%) patients. Otherwise, 19 (47.5%) had symptoms (fatigue, abdominal pain, weight loss, and decompensated liver disease) that motivated them to seek medical care. Genotype III carriers were more symptomatic, but no statistical significance was achieved. Our preliminary results show that HDV genotypes I and III are present in Brazilian Amazonia and that HDV genotype III is not limited to the Amerindian population.
INTRODUCTION
The hepatitis delta virus (HDV) is a unique human virus that is associated with co-infections with hepatitis B or superinfections of hepatitis B virus (HBV) carriers. It was first described by Rizzetto and others in 1977. 1 The prevalence of HDV varies largely depending on the geographic areas. In some Mediterranean regions, Africa, and the Middle East, up to 24% of HBsAg carriers present HDV markers. On the other hand, this infection is uncommon in the United States, where it is basically restricted to high-risk groups such as drug users and hemophiliacs. 2 In Brazil, HDV is only reported in Western Amazonia, where severe cases of acute and chronic HDV hepatitis have been frequently described. 3, 4 In this region, the percentage of HBsAg carriers with anti-HDV antibodies can reach 32%. 5, 6 Genetic and sequencing studies of the genomes of HDV reveal a high heterogeneity of this virus, which has been classified into three genotypes: I, II, and III. 7, 8 Genotype II has been further subdivided into subtypes (II, IIa, IIb). In a recent study, phylogenetic analysis including a large number of new strains from Africa suggested that there are more than three HDV genotypes. 9 Each genotype of HDV has a different geographic distribution and association with severity of liver disease. Genotype III and subtype IIa are considered to be the most pathogenic. 10 In the westernmost Amazonian basin of Brazil, although referral centers for tropical medicine frequently report severe acute and chronic cases of HDV/HBV, there is a paucity of detailed clinical and biomolecular studies (data from the epidemiologic surveillance reports of the Health Secretary Office of the State of Acre). In other Amazonian countries, HDV genotypes I and III prevail, but it is mainly genotype III that seems to cause severe acute and chronic hepatitis. 11, 12 These findings justify this study on delta hepatitis in the Brazilian Western Amazonia that aims to contribute to a better understanding of the molecular epidemiology and clinical aspects of HDV infections in Brazil.
MATERIALS AND METHODS
Study area. The study area was chosen in the State of Acre and the State of Rondonia, where most cases of HBV/HDV are reported to the Brazilian Health Ministry (Figure 1 ).
Patients from two referral centers for viral hepatitis in Rio Branco (capital of the state of Acre) and Porto Velho (capital of the state of Rondonia) who were anti-HDV IgG positive and undergoing anti-viral treatment were included.
In this area, local clinical observations by general practitioners indicated many cases of chronic hepatitis and cirrhosis caused by HDV/HBV infections, as well as outbreaks of fulminant hepatitis.
Study population. All HBV carriers (702) referred to both centers between December 2003 and October 2004 were evaluated for anti-HDV IgG and/or IgM. Most of these patients had been diagnosed for hepatitis B from serology tests requested by the local general practitioners because they lived in a highly endemic area where an epidemiologic survey for hepatotropic viruses was being conducted. Anti-HDV IgM was found in 40 HBsAg+ patients and all were HDV-RNA positive. Twelve other patients had anti-HDV IgG with no HDV RNA. Only those patients positive for HDV RNA were included for further study. Only naive HBV carriers (no history of antiviral treatment) were included. No anti-HCV was identified in these patients.
After reviewing the medical files, an epidemiologic questionnaire, including demographical data (age, sex, place of birth, origin, occupation, etc.) was established. Files from patients were updated to get more detailed epidemiologic and clinical information.
Race was categorized into Amerindians, consisting of Indians and mixed-race Indians, and non-Amerindians, consisting of African descendants and whites.
Symptomatic HDV infection was defined as the presence of symptoms and signs that motivated patients to seek medical care and/or of classic signs/symptoms of decompensated liver disease. Asymptomatic patients were defined as those who had been identified only by the serological tests requested by general practitioners and who showed no signs or symptoms associated with chronic liver disease.
Serological markers. Serological markers for HDV and HBV were determined using commercial kits (ELISA, Dia Sorin, Italy). Anti-HCV was performed using commercial kits from Roche (Basel, Switzerland). All selected patients were tested for the following serological markers: anti-HCV, antiHBc IgG, HBsAg, and anti-HDV IgG and IgM.
HDV amplification and genotyping. Total nucleic acids were extracted from 200 L of serum using the High Pure Viral Nucleic Acids kit (Roche Diagnostics, Meylan, France). An extraction control (phosphate-buffered solution) was also included. Samples were eluted in 50 L of elution buffer. A 981-bp HDV fragment was amplified (total reaction volume 50 L) from 5 L of extract by reverse transcriptasepolymerase chain reaction (RT-PCR; OneStep RT-PCR kit; Qiagen, Courtaboeuf, France) using two primers selected from well conserved regions of HDV and capable of amplifying HDV of all genotypes. This fragment contains both of the delta ribozymes and the C-terminal half of the delta antigen(s) ORF. A 387-bp fragment was amplified by seminested PCR, using the same anti-sense primer as in the RT-PCR and an internal sense primer, again chosen from a conserved region near the end of the anti-genomic ribozyme sequence. This fragment also contains the C-terminal half of the delta antigen(s) ORF. A negative control (water) was included in both the RT-PCR and semi-nested PCR. The products of the RT-PCR and semi-nested PCR (10-L aliquots) were electrophoresed on 1% agarose gels and transferred to nylon membranes. The membranes were successively hybridized with two 32 P-labeled oligonucleotide probes: one specific for HDV genotype I and the other for genotype III. These probes were chosen from within the 57-bp region that codes exclusively large delta antigens. This region is well conserved within a given genotype but is highly divergent between genotypes. Between hybridizations, membranes were stripped by boiling in 0.1% SDS. Although there is some cross-hybridization because of the fact that the HDV genome, and therefore the hybridization probes, is very guanosine/cytosine (GC)-rich, genotypes can easily be inferred from the hybridization patterns ( Figure 2 ). To validate the classification, two samples that were classed as genotype III and one genotype I sample were sequenced. Some samples can be typed at the RT-PCR stage, whereas others required the semi-nested PCR.
Statistical analysis. The qualitative or quantitative variables were analyzed using the following tests: qualitative variables were compared by nonparametric tests, by the 2 test, or by the Mann-Whitney test as indicated. The Student t test or correlation test was applied to the analysis of quantitative variables. Differences were considered to be significant when the probability (P) of a type I error (␣) was Յ 0.05 (5%). Considering that explicative variables and the response variable (HDV genotype) are categorized, the 2 test was initially used to determine the correlation between these parameters. The chance ratios (95% CIs) were calculated.
RESULTS
Among the 40 patients, 13 (32.5%) were women and 27 (67.5%) were men (Table 1) . Genotype I was detected in 22 patients (55.0%), whereas genotype III was identified in 18 (45.0%). The mean age of all patients was 39.6 ± 16.1 years. Patients who were infected with genotype I were older (45.1 ± 17.8 years) than patients infected with genotype III (32.8 ± 10.9 years). This difference was statistically significant (P ‫ס‬ 0.01). Taking the median age to be 38 years, genotype I was present in 72.7% (N ‫ס‬ 16) of the patients > 38 years and genotype III was present in only 27.8% (N ‫ס‬ 5; P ‫ס‬ 0.01).
Marginal statistical significance (P ‫ס‬ 0.08) was observed when different age strata were compared: 11-20, 21-30, and > (Table 1) . We observed a bimodal distribution, with genotype I infections being predominant among patients from 11 to 20 and > 30 years, whereas the vast majority of patients in the 21-to 30-year range was infected with genotype III.
No symptoms were reported by 21 (52.5%) patients (Table  2) . In these cases, the diagnosis of HDV infection was either incidental or was established because of the epidemiologic survey. Otherwise, 19 (47.5%) had symptoms (fatigue, abdominal pain, weight loss, and decompensated liver disease) that motivated them to seek medical care. Although it is near the limit of statistical significance, patients infected with genotype III were more symptomatic. No differences were found concerning genotype and race or sex.
DISCUSSION
The Amazon region of Brazil has an area of 5.2 million square kilometers (61% of the Brazilian territory), but with a demographic density of only 3.67 inhabitants/km 2 . In the last two decades, the region has been exposed to a demographic expansion that led to a population growth of 128%, but 40% of the population still lives in rural areas near the jungle. The hallmarks of this region are the difficult access and low social development indexes. Certainly, endemic diseases, such as viral hepatitis, may spread in this scenario.
HDV infection is under control in developed countries, but it is one of the most serious public health problems in the Brazilian Western Amazonia. 13, 14 Data from Brazilian Health authorities show that HBV/HDV infections in Amazonia must be considered a priority problem for public health, perhaps even more important than other tropical diseases such as malaria and yellow fever. 15 Mortality rates caused by infectious diseases have declined during the last decade except for viral hepatitis (National Program for Viral Hepatitis Control, unpublished data). Although an ambitious vaccination program against HBV was implemented in this area in 1999, its impact on HBV/HDV related mortality is still marginal. 16 However, there are also particularities to HDV infection in this region that may also be part of the explanation for this situation and that merit closer study. The distribution of HDV is not uniform in the region, depending on social and geographic aspects (income distribution) and ethnic aspects (high prevalence among some Amerindian ethnic groups). Over the last 30 years, epidemics of fulminant hepatitis have been described in Western Amazonia. The hallmarks of these severe hepatitis cases are young age, high mortality, and peculiar histologic features with mild necro-inflammatory lesions but an abundant presence of ballooned hepatocytes with a central nucleus surrounded by microvesicular steatosis. Most cases were related to HBV/HDV co-infection or superinfection. 17, 18 HDV infections have also been described in other Western Amazonia countries such as Peru, Venezuela, and Equator, 7, 19, 20 also in isolated Amerindian populations. Cases of severe hepatitis in Peru and Venezuela have been correlated with infection by HDV genotype III. 10, 20 Genotype III is found only in Amazonia and was probably originally indigenous to the Amerindian population. However, HDV genotype I also exists in this region and may have been introduced during the rubber boom era, the first major contact between Indian and non-Indian populations. Studies have shown that familial transmission of HDV may occur through personal contact. 21 In addition, malaria and other tropical diseases were treated with drugs dispensed using non-disposable syringes, which would increase the risk of dissemination of blood-borne viruses. This has been shown to be the case for spread of hepatitis C in Brazil. 22 Many patients who were referred to the centers actually live in remote and difficult to access areas. Close follow-up of these patients and the identification of important points such as HDV transmission routes and the time of infection are therefore difficult. In general, the transmission routes have not been clearly identified. Transmission usually starts in early life through intrafamilial routes, but the risk factors involved are still unknown. 23, 24 The uncertainty concerning the time of infection must be taken into consideration when we interpret our results concerning the age of patients with genotypes I and III. The higher age observed in patients with genotype I could be related to longer-lasting disease, but apparently young patients who are carriers of genotype III had more symptomatic disease. This is an aspect that deserves further clarification.
Our preliminary data could not show a significant predominance of HDV genotype III among the native population, probably because of the low number of Amerindian patients involved. It is possible that native populations are not reaching the referral centers in Amazonia. Lower life expectancy in the native population must also be considered, mainly when age and genotype frequency are analyzed. On the other hand, our data are in agreement with the hypothesis that HDV genotype III is more pathogenic, because most carriers of this genotype, although younger, were symptomatic compared with genotype I carriers. Our data also show that genotype III infections have spread to the non-Indian population.
Biomolecular studies can help clarify why genotype III HDV infections seem to be more severe than those involving genotypes I and II. It has been suggested that genotype III large delta antigen, which requires editing of HDV RNA for its own production, can inhibit this RNA editing. 25 This may result in the accumulation of large amounts of replicating HDV RNA and small delta antigen in the infected hepatocytes. This accumulation, along with interaction between HDV and the co-infecting HBV, 10, 12 may result in direct hepatocellular damage.
In conclusion, our preliminary results show that delta hepatitis genotypes I and III are present in Brazilian Amazonia. These results warrant further epidemiologic studies involving larger numbers of patients from indigenous and nonindigenous populations, as well as the study of the role of HDV in the peculiar form of fulminant hepatitis observed in this region.
